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The purpose of this prﬁﬁect was to develop a

computer program to evaluate the best alternative
location and fuel distribution for a large military
cargo aircraft when mid-air refuelling may be necessary,
The best conditions are considered to be those which .
minimize the total fuel consumption, |
The solution approach used was developed by i~;j
Abdulrahman Yamani for a dissertation for the University -

of Florida, Mr. Yamani listed many cases for the

overall problem, This program only solves the case

with one aircraft, one refuelling, and therefore two -
legs on the trip for the cargo aircraft, ?ffﬂ
This program runs on a Commodore 64 microcomputer ;ff.

using standard BASIC language. The map routine is —

the only section peculiar to this particular machine,
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h PROBLEM DESCRIPTION =

_ In the event of a war, earthquake, or other .
ii similar disaster anywhere in the world, United States 5;;
! military transport aircraft may respond by delivering

equipment, supplies, or personnel to the affected area.

These items are loaded into the aircraft taking the ;;u

physical restrictions of maximum weight limit, type

and size of equipment, and others,

The C-5 aircraft is the largest cargo transport
in the free world with a maximum gross weight of
760,000 pounds., It has been calculated that 17 C-5s
could have accomplished the entire Berlin Airlift.
This analysis was based on C-5A characteristics since
it is likely to be involved in any large scale airlift
operation, |

Another physical problem comes up when the
distance between the origin base and the destination

base is too far for the aircraft to travel without

refuelling at a location in between, Bases may be
located along the way or it may be more efficient to
mid-air refuel using special aircraft, The tanker
aircraft flies to a point, meets the transport aircraft, T
and fuel is transferred from the tanker to the transport i

while they are still flying. T

----
-----------
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The objective is to complete the move of the cargo

l from the origin to the destination with minimum total

fuel consumption,

Since we specified the use of the C-5A aircraft,
i _ we need to determine:
: (1) weight of the cargo load
. (2) how much initial fuel to load
; (3) transport route
(4) tanker route
(3) and (4) are determined by the refuelling
) point.
We are only considering the single refuelling
case where there are two legs of the trip for the cargo

aircraft., An option was added to the program to detect

"‘1" S
. . R
T T

if refuelling was not necessary, neither mid-air nor

at a base,
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(1) The total cargo can be divided any way desired,

.t

'
v e,
I
]
i A
aa'a’s -

[RY

. i.e., we can ignore the fact that the cargo is

l.&

loaded on pallets and that we can't split pallets,
Therefore, the cargo weight can be considered a

continuous variable.

(2) No size restriction about the load, i.e., no

part of the cargo is too big to fit., This is

n fairly logical for the C-5A aircraft,

2 (3) The only limitation on the weight of the aircraft

_ is the gross weight of the aircraft at take-off

ii should not exceed the maximum take-off weight.,
Aircraft Empty Weight + Cargo Weight + Fuel Weight

£ MTOW

1 (4) The earth is a perfect sphere with radius R where

R=3920 status miles

=3404 nautical miles

;' (5) Measure of "distance", The shortest distance
between any two points on the surface of a sphere

O is the shorter great circle arc connecting them,

) The great circle is the circle in E3 which has a
center at the center of the sphere and is drawn
on the surface so that its radius is equal to the

radius of the sphere.
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(6) The aircraft follows the great circle arc when

f flying from one point to another.
) (7) Weather is assumed to be negligible, (Jet streams
or storms have no effect,)
' (8) Aerial refuelling takes a negligible amount of
| time. Therefore, the region in which the refuelling
takes place is considered a single point.

'
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N NOTATION/DEFINITIONS - -
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_ (1) Only C-5A aircraft are available Iizg

i (2) EW = transport Empty Weight 3§£5

(3) MTOW = transport Maximum Take-Off Weight o]

(4) Fpax = transport Maximum Fuel capacity ]

A (5) H,, = tanker Maximum Fuel capacity .
: (6) w = weight of the cargo to be transported

(7) g, = initial fuel of the cargo aircraft
; (8) h, = initial fuel of the tanker aircraft
(9) R(go,w) = Range of the transport when its initial
fuel is 8s and its cargo weight is w

(10) FC(go,w,d) = Fuel Consumed by the transport when

-

- it flies a distance d and its initial

Z} fuel is g  and its cargo weight is w

% (note: d must be = R(go,w) )

- (11) PN(w,d) = exact amount of Fuel Needed to fly a

.; distance d when the cargo weighs w

. (note: 4 must be = R(Fmax,o) )

- (12) L(ho) = range of the tanker when its initial fuel :
i: is h :é
; (13) FCT(ho,d) = Fuel Consumed by the Tanker when it ﬁ%

flies a distance d and its initial e

fuel is h0

(note: d must be < L(h ) )
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(14) FNT(d) = exact amount of Fuel Needed by the Tanker
to fly a distance d
(note: d must be ¢ L(Hmax) )

(15) Dod = the shortest distance between the origin base

and the destination base measured along the

arc of the great circle connecting the two iﬁ

[ points. |
t (16) (60,¢O) = the coordinates of the origin base in thj
‘ spherical coordinates (longitude and | _
{ latitude) o
. (64+84) = the coordinates of the destination f"f
(6,,8,) = the coordinates of the tanker base | T
(6,#) = any point on a sphere (earth) i;ﬁi
——

(17) d4 = d(90,¢0,9,¢) = the distance between the origin
and the point (e,0)
d2 = (Qd’¢d’9’¢)

d3 = (gb’¢b’e’¢) ;;;;
where d(91,¢i,ej,¢j) = the shortest distance j;;ﬁ

function between the two points (Oi,wi) and

(Qj,ﬁj) measured along the arc of the great

circle connecting the two points. ) ?

(18) GW = Gross Weight of the transport ]i
= EW + g, + w -

N -

Gwmax = Maximum Gross Weight of the transport R

(19) g = minimum (Fmax,Gwmax-w)

T
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MEASURE OF DISTANCE o

The closest measure of distance models the earth ;}}
i as a sphere, While it is a spheroid, and not a perfect ;?5
sphere, it is close enough. One travels on a curve

when going from one point to another on the surface {%.i
t of the sphere. The curve which has the shortest S
distance between two points on the surface of the
sphere is the great circle. The great circle is the

3 which has a center at the center of the o

circle in E
sphere and is drawn on the surface so that its radius
is equal to the radius of the sphere, Therefore, the
shortest distance between two points on a sphere is ,;,;
the length of the shorter great circle arc connecting s

them,

Several methods have been reported in the
literature to calculate this distance. All of the

methods use two facts:

(1) the great circle distance between two points '?'q
on a sphere is directly proportional with
the radius of the sphere.

the distance between two points on a unit 353?
sphere is identical to the angle (measured

in Radians) between the two normals of the ;{i;

sphere at these points,

LA T e S e T P T i T T
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So the distance = Re¢
where R = the radius of the sphere, and -
o< = the angle between the two normals at
these two points (measured in Radians), :

The methods differed in the way they found the =
angle ok, ]

By representing X and Y in spherical coordinates
as (R,94,8,) and (R,92,¢2), respectively, instead of -
cartesian coordinates (x1,x2,x3) and (y1,y2,y3), the

x, = R sin@,cos8, y; = R sin¢2cos9?

X, = R sin@,sin®, Y, = R sin¢gsin9? -

Xz = R cos@, ¥ = R cos¢2 jf:

11 * 11 = the Euclidean norm .i?

11 X 11 = 11 Y 11 = R T”“

X.Y
COS =

11 X 11 11 Y 11

11 X 11 ° 11 Y11 = R°
XY= Re(sin¢1sinwgcose1coseg + sin¢1sin¢231n91sin92

+ cos®1cos®?)

R2(sin¢1sin®?(cose1cose2 + sin91sin92)

+ cos¢1cos¢?)

................................................

........................................................




If we recognize that:

cos(G2 - 91) = cos@,cos8, + 8ind,sind,

We get:

X°*Y

cos

where O

@

To take

R2(sin¢1sin¢2005(92 - 91) + cos¢1cos¢?)
sin¢1sin¢2008(92 - 91) + cos¢1cos¢2

the geographical longitude

PI/2 - the latitude = the colatitude

advantage of computer routines, we used

the following version of this measure:

Q.
L}

where ©

@

R * arctan(

J71 - (sin¢1sin¢zcos(91—92) + cos¢1cos¢2)?7

sin¢1sin¢zcos(91-92) + cos¢1cos¢2

1}

longitude * PI/180
PI/2 - latitude * PI/180
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FUEL CONSUMPTION FUNCTIONS

This section develops the relationships between cargo
weight, fuel consumption, distance travelled, and initial
fuel,

Charts are available from the U.,S. Air Force for
aircraft performance at different gross weights, speeds,
and altitudes, These charts need to be transformed into
mathematical formulae before they can be used in a model,
An example of this data is shown in Figure 1, Different
curves are given for different weights and show the
distance travelled per 1,000 1lbs of fuel used at a given
speed and at the particular gross weight. It is assumed
that the transport will operate at the 99% maximum
specific range to maximize the distance travelled per
unit of fuel burned. The distance in miles per 1,000 1lbs
of fuel burned is plotted against gross weight GW.

The y-coordinate is called MPF(GW) because it is a
function of the gross weight., Two kinds of curves to
fit those points are tried: 1linear and quadratic.

Both fit well as seen in Figure 2,

---------------------
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For the linear fit we have:

MPF(GW) = a, + a,Gw .
where: ﬁi
a, = 36.2829 =
a, = =0,0270 -
and q = correlation coefficient = -0,9918
For the quadratic fit we have: -
MPF(GW) = b + b,GW + bW’ -
where: -
b, = 43.7616 :
by = -0.0576 =
b, = 2.94 x 1077 L
and q = -0,9983 | ;
We will use the linear fit to find the distance :tj
the transport can travel with initial fuel g, and Eﬁi
cargo weight We We can also use it to determine how g?{
much fuel is used to travel a distance d with cargo 5%%
weight W and initial fuel 8y :
Note that at any time in flight:
GW = EW + Wy 4 £
where f = the instantaneous amount of fuel, -

f changes due to burning fuel in flight; therefore,
GW changes too., EW and LS remain constant,

Therefore,

dGW = df
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'MPF(GW) = miles per 1000 1b of fuel :
-burned for a given gross -

~weight -

——-———'fﬁﬁafé¥10>fft i
- M ewwe=a -Linear Fit
X . _Real Data Point

1:i?A T T T T T T =T —

320 400 480 560 .640 720
GW = Gross Weight in 1000 1b

Figure 1, MPF vs., GW
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Let R(go,wo) = the range of the transport when its
initial fuel is 8o and its cargo weight
is w_ .
EW+9 +g

then R(g,,w,) =J © "0 MPF(GW)dGW
EW+wO

={g° MPF(GW)df

+ f)af

gO
=f£° MPP(EW + w,
0

Using the linear fit for MFF,
a
1
R(go,wo) = (aé +a,w, + 3 go)go
where aé =a, + a1Ew
Now we must find the fuel consumed when the aircraft
flies a distance d (deR(go,wo)) with initial fuel g,

and cargo weight w

o}
Let gf = final amount of fuel left, and

FC(go,wo,d) = fuel consumed when initial fuel is
g, Cargo weight is w, and the distance

flown is d.

then FC(go,wo,d) = 8, - B¢
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Therefore, to find FC we need to find Beo which can

be done by solving for g, in the following equation: f,b

P Y ST w - D
IOAVEA o MRS  § Sl
[

g
d = f° MPP(EW + w, + f)df
Bt

For linear fit of MPF we have:

d = é{g° (a, + aj(EW + £ + w ))df
f

a
1
a (g, -~ g¢) + a(BW + w )(g, - &) + 5 (gg - sﬁ)

31 2
0= 5 ge + (a, + a,(EvW + Wo))gf

a
1 2
- (ayg, + a(BW + w )g  + " g,) = d

a
1.2

5 g + agp - d' = 0 where a=a + a,(EW + wo)

This equation is quadratic in Bro To find the solutions

to this equation:

a J_;?7+ 2a1d'
g = == <
a, a,

2
a tJ_ia + a1go) - 2a,d

& = 7 T

-~ T Tia Y ¥
TR
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Only the positive solution makes 8¢ physically possible,

803

; a |, J (a + a1g°5? - 2a,d
== 2

Since the fuel consumed Fc(go,wo,d) = g, -8¢» then

a >
FC(go,wo,d) =g, + ; ~ Ji(a + a1go) - 2a,d
1

ay

where a = a_ + a,(EW + wo)

Let FN(wo,d) = the exact amount of fuel needed to fly
a distance d when the cargo weight is Woe We need to

find N, PFor a linear fit of MPF we have:

a
]
R(gyw,) = d = (a} + agw, + 2 8,8,

With FN = 86 and solving R for 8, We get:

4
) ]
fo . J (ao + a1w°) + 2a,d

FN(w ,d) = g_ = -w_ -
) ) 0 a, al

....................
.......

0y
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4 MODEL AND PROPOSED SOLUTION METHODS e
- ]
ii The case where there is one aircraft with fgﬁi
i predetermined cargo weight and initial fuel, but s

needs to be refuelled is a subproblem of the much

_ larger problem involving many aircraft and multiple
E refuelling, It is one of the building blocks to the
solution of the larger problem.
This problem can be broken down into two

subproblems itself, The first subproblem can be

N defined as finding the initial fuel needed and other
fl fuei needed to complete the mission given a feasible
i refuelling point., The second subproblem is to find

the location of a refuelling point such that the total
fuel used is minimized. Using the results from the
first subproblem as input for the second subproblem,
and using the results from subproblem two as input

for subproblem one in turn, an optimal solution can

be found which does not require us to predetermine

|
_ the initial fuel amount,
- Given: EW, MTOW, GW, and FM from the aircraft
" specifications and w, from the mission i
) requirements we can determine the allowable T
o . R :1
. fuel loads for take-off and mid-air refuelling. Cpﬁi
Ll
. R
)

b <

9
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Let FO Fuel weight possible to add to aircraft at

! take-off
= MTOW - EW - Wo

GO = Maximum fuel weight possible at mid-air

' : refuclling

= GW - EW - L

Maximum fuel weight capacity at take-off

GM

LI R
L}

min(F0,FM)

GC = Maximum fuel weight capacity at wmid-air

refuelling
! = min(GO,FM)

Given a suggested refuelling point (6,#), the distance

to the respective bases can be determined with:

i

. D1 = distance to the origin base

f D2 = distance to the destination base
i D3 = distance to the tanker base

The ranges from the bases may be determined by:

R(GM,wo) Range from origin base

R(Eqr¥,)

R(GC,wo) = Range from destination base

= R(H ,wo) = Range from tanker base

max
(1/2 because of return
trip)

Now the feasibility of the refuelling point can be

determined by comparing the distances to the ranges,
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For feasibility:
D1 « R1, D2 « R2, D3 € R3, and the distance from
the origin base to the destination base = R1 + R2?
Given a feasible initial point we may find the minimum ﬁip:
combination of initial fuel, transferred fuel, and tanker JJ

fuel,

Min(Total Fuel Cost for Subproblem 1) = g, + h, =

+
SRV PN BRI

24 2
. j (C - l*(a + a1go) - 2a,D1 )<+ 2a,D3 al
)
a

PRV W WSS BRe

1 a4

where C =V a° + pa, D2+ aéé + 2a,D3

We search for the minimum total cost over the range

from Low = FN(wO,D1) to High = GM., A Golden

Section Search is used in the program to find this
minimum, The accuracy is set at 0.00010, The resulting
Total Fuel Cost is echecked against previous solutions ;ifj
for change. If there is 1little change, then the o
problem is solved., The accuracy is specified in the
initial conditions., A large TFC has been defined to
caus the problem to cycle at least once, If the change

is significant, then go to subproblem two.
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Subproblem two involves finding the location that

d minimizes the sum of fuel costs for the four legs of
the mission. The four fuel costs are:
FN(0,D3) = Fuel needed by the tanker to return
i to base
FN(wo,DZ) = Fuel needed by the transport to get
to the destination from the refuelling
E point
| FN(wp,D1) = Fuel needed by the transport to get
to refuelling point with cargo and
i unused fuel.
| where wp = W, o+ (go - FC(go,wo,D1))
2
i and FC(SO,WO,D1) = g, + Wy *+ ?' \l (a(') * a1(w° v go)) ) ?a1D1

(o)

FN(w,D3) = Fuel needed by the tanker to get to
the refuelling point with net fuel needed

to transfer

where
; w = FN(O,D3) + FN(wo,D2) - (go - FC(go,wo,D1))
! Subproblem two is subject to the same feasibility
ﬁ constraints as the original problem.
)
"
i e
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Finding the optimum location involves searching

along © and @ in an iterative approach to find the
minimum fuel cost., Limits for the different functions
were hard to find so the initial feasible point is

used as a beginning, © and @ are changed in a

systematic manner and whichever yields the lower fuel
cos% is selected.

t (6,8) yields a cost F2

(6+¢,0+¢) yields a cost F2!

If (e+¢,@+¢) not feasible, try another point

If F2' > F2, try another point

If F2' < F2, F2 = F2' and © = ©+¢, @ = @+¢

and try another point in the same

direction
If F2' = F2, then reduce ¢ and try another
point in same direction
Similarly, when conditions lead us to try another
point:

(9"¢,¢+¢), (9—¢,¢—¢), and (g+¢,¢-¢)

In each case, ¢ returns to the original value for
the new direction., After one complete pass, ¢ is

checked to see if it is below the specified accuracy

limit, If it is, then the second subproblem is solved,
If not, then reduce the original value of ¢ and make
another pass. In each direction, when ties occur,

¢ will reduce to the specified accuracy before trying

........................................
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] another direction, This completes 1 iteration in o
k] solving the complete problem, ?;’
- The process of solving the first subproblem to .
Lz get initial fuel and then solving the second subproblem
i to get the optimal location continues until the

! Total Fuel Cost as defined by subproblem one shows

¢ insignificant change.
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PROGRAM T—;f
The main body of the program consists of defining e
of constants; input of locations, cargo weight, and j;;g

accuracy requirements; gosubs for the subproblems;

and various output messages, -gf}
The transport aircraft and tanker aircraft are

assumed to have identical performance charts.

fuel Cost and Fuel Needed subroutines for the tanker

would have to be changed if this were not true, :?ﬁp

The constant C would also have to be changed.
The longitudinal difference between any two
points is restricted to 180 degrees and the latitude
is restricted to North latitudes., Longitude and latitude

are converted to radians using the formulas:

(2] (longitude difference)*PI/180 and

¢

origin base is always transformed to O,

PI/2 - latitude*PI/180, The longitude of the

A map of the U.S. and Europe is available at the

!

end of the program which display coordinates from -
108°W to 48°E and 0°N to 70°N. This will allow display s
of most U,S. to Europe or Middle East missions and T
their return flights, T

The longitude of the tanker base should be in the Ll
same direction from the origin base as the longitude

of the destination base,
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The following lines may be hard to read in the
program since the printer also printed on the perfor-

ations separating the pages:

1895 REM CHECK FOR CORRECT INPUT
32pp GOSUB P44¢p : REM DISTANCE(TA,PA)
640@ GR=GM : WR=WO

10489 GP=XB : SF=(A+A1*XB)T2—2*A1*D1
153@@ IF F2=FF THEN TY=1

ANt PO Mas St e s 2e s 20 o

24

2262¢ REM WHICH IS SLIGHTLY DIFFERENT FROM SUBPROBLEM

ONE BECAUSE OF
28@¢3@¢ REM THIS ROUTINE MUST BE EXPANDED TO ALLOW
ROUTES ACROSS THE
352¢¢ IF (SJ$="E") AND (SL$="W") AND (SN$="E") AND
(SQ$="E") THEN L6=L1-CA
6@#533 POKE1991,43: POKE2¢@@, 43: POKE2@12,43:POKE2¢21, 43
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1@ EW=379,0 : (Q=@ @ A1=-0.826783 - RO=36.1459 : MT=708.92

200 LW=768.0 ' HM=308.0 @ FM=300,0 S
306 AP=AD+ALINEW : Pl=3.14139 : Re3960.452680./6080, : Ke@ ' FO=]1000000. -
319 REM EWsEMPTY WEIGHT/100@ LBS MT=MAXIMUM TAKEOFF WEIGHT/1009 LBS -
320 REM OWsMAXIMUM GROSS WEIGHT/1800 LBS FMaMAXIMUM FUEL CRPRCITY 1988 LE-

230 REM HMsMAXIMUM FUEL CRPACITY/10008 LBS OF TANKER ' M
339 REM FMsMRXIMUM FUEL CRPACITY/1000 LBS OF TRANSPORT L
340 REM AlsLINEAR SLOPE FROM ENGINE PERFORmE CURVES

330 REM RO=LINEARTR INTERCEPT FROM E RMANCE CURVES

360 REM QG=INITIAL CASE SETTING Fm POSSIBLE LOCRT!M SCHEMES
37@ REM RP=FUEL REQUIRED TO MOVE EMPTY RIRPLANE ReSPHERICAL CONSTANT
380 REM K=ITERARTION COUNTER FOs=INITIAL TOTAL COST SET VERY LARGE !

483 PRINT "7 |

410 PRINTY "THIS PROGRAM WILL NOT WORK FOR" ' L
415 PRINT "SOUTH LATITUDES OR FLIGHT PLANS" -
20 PRINT "CROSSING THE INTERNATIONAL DRTE LINE."

425 PRINT "FUTURE MODIFICATIONS WILL CORRECT" -

430 PRINT "THIS SITUATION." ° PRINT :PRINT
448 PRINT "ENTER COORDINATES” N
45@ PRINT “IN DEGREES. THEN DIRECTION" L
455 FRINT "EXAMPLE: 20 (RETURN) E (RETURN)" Ce
4584 PRINT "FOR A LONGITUDE OF 20 DEOREES EAST" DA
479 PRINT : PRINT : PRINT R
S INPUT "ORIGIN LONGITUDE".L1 - INPUT “DIRECTION E/W";SJ$:PRINT

. 550 INPUT "ORIGIN LATITUDE":H1 : INPUT "DIRECTION N/S";SK$: PRINT
580¢ INPUT "DESTINATION LONGITUDE".L2 : INPUT “DIRECTION E/W";SL$:PRINT -—en
650 INPUT “DESTINATION LATITUDE";K2 : INPUT "DIRECTION N/S";SM$:PRINT LIy
708 INPUT “"TANKER BASE LONGITUDE®;L3 : INPUT “DIRECTION E/W";SN$:PRINT LN
798 INPUT “TANKER BASE LATITUDE",NM3 @ INPUT "DIRECTION N/S";SP#:PRINT .

290 INPUT "CARGO WEIGHT CIN POUNDS)".W0
a0 PRINT "FUEL COST ARCCURACY(TO NERREST POUND = 1)*:

314 PRINT (TO NEAREST 1@ POUNDS":
926 INPUT ® 19>",E!
930 PRINT

1200 PRINT "LOCATION ARCCURACY DESIRED"
1010 PRINT “(TO NEAREST DEGREE = { )"
1815 PRINT "(TO NERREST MINUTE = 2 )“ .
1926 PRINT "(TO NEAREST SECOND = 3 >" R
1039 INPUT “SELECT ACCURACY",RZ PRINT RS
1049 WO=W0.’ 1990 RS
S E1=E1/1000 R
1950 1F RZ=1 THEN E2=1#F1/180 MR
1955 [F R2=z THEN E2=1/60#P1/180
185@ IF RZ=3 THEN E2=1/360%F1/180
197¢ REM CONVERT INPUTS TO LIKE UNITS FOR CALCULATIONS -
1106 FO=MT-EW-WO )
1200 HU=GH-EW-WO N
1300 IF FM(aFD THEN GM=FM ' )
1359 IF FMOFO THEN GMeFQ .
1409 IF FMZ2GO THEN GCaFM e
1450 IF FM:58 THEN GC=G0@
1508 H=AF+A1 80 Tt
16509 FEM  SET LIMITS ON FUEL TO DETERMINE FERSIBILITY T
1708 INPUT "PROPOSED LONGITUDE".CR : INPUT "DIRECTION E/W",SQ8:PRINT -
1802 INPUT "PROPOSED LATITUDE".CB . INPUT "DIRECTION N/S".SRS:PRINT T
1316 PRINT  PRINT
13%@ (OSUR z2200 REM CONVERT TO RRDIANS
1855 Pv=@
1360 [F (GQ<1) OR <(QA>12) THEN Pvsi
1879 [F SK$="S" QR SM$="S" OR SP$m"S" QR SR$="S" THMEN Pv=} "
1880 IF Pval THEN PRINT "CHECK INPUTS ° PRRAMETERS VIOLARTED" el
1885 [F PyYsl THEN PRINT : PRINT s
1890 1F Pv=) THEN 0QOTO 418
1R9% PFM  CHFMY _FOR_CORPFCT IMRUT . e s e+ - -
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93000 © REM CHECK FOR FERSIBILITY

IF IN=45 THEN GOTO 410

IF IN
REM

{>4@ AND IN<OSQ THEN GOTG 81700 . T
IF INITIAL LOCATION IS NOT FEASIBLE-TRY RGRIN .

IF IN=40 THEN GOSUB 15000 . T

2015 REM SOLVE SPECIAL CASE WHEN REFUELLING NOT NEEDED \ -
2020 IF IN=4@ THEN GOTO 2773

2025 REM PRINT ANSWER TO SPECIAL CRSE

2030 REM

2035 REM

g{?g ggﬁun 9750@ : REM SOLVE SUBPROBLEM ONE FOR INITIAL FUEL AND TRANSFER FLE.

2115 REM | S
2200 2=F-F@ : Z1=ABS(Z> : IF Z1(s=E1 THEN GOTO 02700 ! S
2219 REM IF NEW SOLUTION WITHIN RCCURACY LIMITS THEN PRINT SOLUTION : R
2300 FosF )
2305 PRINT : PRINT .
231@ PRINT "TRIAL SOLUTION TO SUBPROBLEM ONE"" e
232@ PRINT "INITIAL FUEL",G0M1800 O
2330 PRINT “TANKER/TRANSFER" ; HO#1000 " ol
2340 PRINT “TOTAL";F1000: R
2350 PRINT:PRINT L
236@ PRINT “WORKING ON PROBLEM TWO": )
2379 PRINT : o
2380 REM PRINT SOMETHING SO OPERATOR KNOWS PROGRAM IS WORKING ——m
2385 REM

2399 REM -
2490 GOSUB 11700 - REM SOLVE SUBPROBLEM TWO TO FIND BEST LOCATION -
2410 REM e
2500 KmK+1 -1
2516 REM UPDATE ITERATION COUNTER -
2520 REM e
2538 REM O
2608 GOTO Q2100 N
261@ REM RETURN TO SOLVE SUBPROBLEM ONE FOR NEW LOCATION e
2620 REM - -
2630 REM N
2703 GOSUB 50500  REM CONVERT ANSWER TO LONGITUDE AND LATITUDE o
2750 PRINT “0" :PRINT "MINIMUM COST SOLUTION" AN
Z775 PRINT "OPTIMUM REFUELING POINT":PRINT L9;D7$,H8,D8S Ot
2730 PRINT "INITIAL FUEL",GOW100@: S
2795 PRINT “TRANSFER FUEL",(F-G@-F7-F3)%1000: T
2787 PRINT "TANKER FUEL*, (F7+F3)#1000: MR
2790 PRINT "TOTAL FUEL COST",F#1009: '
2800 PRINT “ITERATIONS" ;K.

231@ FRINT "ORIGIN":PRINT L1;SJ$,HM1,5K$ PRINT "DESTINATION® -
2815 PRINT L2;SL$,H2;SMS

282@ PRINT “"TANKER BASE":PRINT L3.SNS,H3,SP$

233¢ PRINT "CARGO WEIGHT",WON1000;"LBS" -
2840 PRINT:PRINT:PRINT e
2845 REM PRINT FINAL ANSWER AND REPEAT ORIGINAL INFORMATION S
2850 PRINT "A MAP OF U.S. TO EUROPE AND WEST RSIA": L
2881 PRINT IS AVAILABLE. DO YOU WISH TO SEE?" ' INPUT "/Y/N)".MP$ .
2885 IF MP$="y" THEN GOSUB 60500

2830 REM MAP DEMONSTRATION AVAILABLE -~
2895 6OTO 27950 e
2300 STOP ot
2919 REM e
2920 REM A
23930 REM ate
2340 REM ek
2200 REM FERSIBLE ) s
3010 REM THIS ROUTINE DETERMINES [F THE PROBLEM IS FEASIBLE FOR THE GIVEN ‘
2020 REM PARAMETERS.

3100 TA=TH - PAsPH

“200 FOSNT 0440 _. REM NISTANCE(TA PR A et i —m——— e . -
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3210 REM CALCULRTE THE DISTANCE FROM THE TRIAL POINT TO THE THREE BRSE P(InT Ce
3300 GOSUR 0€30@ @ REM RANGE S
3310 REM CALCULATE THE RANGE OF RIRCRAFT FROM THE THREE BASE POINTS s
3320 ?L=30 DL=D1 ' GOSUB 86208 : REM FNTR(WO,D1) .
3375 IN= .
340@ IF (DIDK1» OR C(FTOGM) THEN INw=1@
3590 IF D2OR2 THEN IN=2@ ; S
3690 IF D3>R3 THEN IN=39 -
3618 IF 09CR1 THEN IN=4@
3620 IF 09YR14RZ THEN IN=4S
3700 IF IN=G THEN INxSQ f
- 3800 IF INs19 THEN I$2"T0O0 FAR FROM ORIGIN”
= 3908 IF IN=20 THEN I$="T00 FAR FROM DESTINATION"
- 4960 IF IN=30 THEN I$="TO0 FAR FROM TAMKER BRSE"
.. 4010 IF IN=4@ THEN I$="REFUELING NOT NEEDED"
: 4020 IF IN=4S THEN I1$="INFEASIBLE-ORIGIN TO DESTINATION TOO FAR" .
. 4100 IF IN=5@ THEN I$="INITIAL LOCATION 1S FERSIBLE" —
4200 PRINT I$ : PRINT  PRINT
4300 RETURN LEE!
4310 REM s
4320 REM
L 4330 REM
| - 4400 REM DISTANCECTR,PA)
K 4410 REM DISTANCE CRLCULATIONS
4508 TC=TQ : PCsPQ
451Q IF ABS(TC-TA)OP1/2 THEN GOSUR 19002 - REM SPECIAL CARSE
4520 IF ABSCTC-TRY>P1/2 THEN GOTO 4700
4600 GOSUB 85500 : REM CALC-LENGTH ALCTHL,PHI, TH2,PH2)
- 4700 Di=AL : TCsTD : PCaPD
- 4710 IF ABSCTC-TAYDPI/2 THEN GOSUB 19000 - REM SPECIAL CASE
- 4720 IF ABS(TC-TRI>PI/2 THEN 0OTO 490Q
.- 4800 GOSUB 0%3500 : REM CALC-LENGTH
- 4900 D2=AL : TC=TB : PCePB
. 4919 IF ABS(TC-TAXDPI/2 THEN GOSUB 1900@ : REM SPECIAL CASE

- 4920 IF ABS(TL-TA)>P1/2 THEN GOTO S300
5200 GOSUB 93500 : REM CALC-LENGTH
5360 D3=AL

5318 TA=T0 : PA=PO - TCsTD . PC=PD
5315 IF ABS(TC-TAOPI/2 THEN GOSUB 19000 - REM SPECIAL CRSE
. 5320 IF ABSCTC-TAXOPI/2 THMEN BOTQ 5340
N G239 GOSUB 03300 ' REM CALC-LENGTH
. 5340 09=AL - TA=TH @ PR=PH : TC=TB : PC=2PB o
5350 REM Di=DISTANCE FROM ORIGIN TO POINT Te el
5360 REM D2=DISTANCE FROM BESTINATION TGO POINT a -
5370 REM D3=DISTANCE FROM TANKER BRSE TO POINT -
©33@ RPEM 0S=DISTRANCE FROM ORIGIN TO DESTINATION
- 5400 RETURN
541@ REM
5420 REM
c - 5430 REM
5500 REM CALC-LENGTH ALC(THI1,PHL. TH2,PH2)
" 5600 REM ALPHA=ANGLE BETWEEN THE TWO POINTS
A S79a REM Ki=COSINE OF ALPHA
" - 299 REM  K3=TANGENT OF RLPHA
S90u $1=SINCPC) ' S2=SINCPAY : DaTC-TR - CD=COS(D> CisCOSCPC>  (C2=COS«<F™ C
€090 K1=S1MSHCD+CINC2 & K2aK112 @ KS=SQR(1.-K2) —
€109 K3=K5/K1 @ ARSATN(K3) AL=ARNR e
) 5152 REM RL=ACTUAL LENGTH{DISTANCE BETWEEN THE TW0 POINTS:
3 620@ RETURN
- 6210 REM
o 6220 REM
" 6230 REM
N 6200 REM RANGE
6318 REM CRLCULATE MAXIMUM RANGE FOR EACH AIRCRAFT
£320 REM WHEN LORDED WITH MAXIMUM FUEL
. AARA FiRsGM L LIRsUOL et e - -
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€500 GOSUB 97200 : REM RT(GMAX,WO)

£50@ R1sRT : GR=GC

€700 GOSUB ©7200 : REM RT(GCAP, WD)

£300 R2=RT ° GR=HM

£900 GOSUB 087200 @ REM RT(HMAX,WNO)

7000 R3=0.5¥RT

7019 REM R3=TANKER RANGE TRKING RETURN TRIP INTO ACCOUNT
710@ RETURN

7110 REM

:120 REM

REM
’280 REM RT(GO,WO> ’
7210 REM CALCULATES RANGE FOR RIRCRAFT GIVEN ALLOWABLE FUEL ANDB CRRGO WEIGHT
7220 REM RSSUMES TRANSPORT AND TANKER HAVE SAME PERFORMANCE CURVES
7200 RT=CAF+A1MIR+AL/2¥GRYMOR
740@ RETLRN
7410 REM
7420 REM
7430 REM
7509 REM SOLVE SUBPROBLEM ONE
7518 REM FIND THE LEAST COMBINED FUEL FOR TRANSPORT AND TANKER
7528 REM UNDER THE GIVEN CONDITIONS
7538 GOTUB 25480 © REM FEASIBLE
7540 REM  UPDATE DISTANCES AFTER SEARCH IN SUBPROBLEM TWO
7500 SA=SOR(AT2+2HA1I#D2) & SB=SOR(AP 12+2%A1%D3)
72706 C=5A+SB : WL=W0 : DL=D1
7712 REM  C=CONSTANT USED IN LATER CALCULATIONS
7200 GOSUR 98200 : REM FNTRC(WL,DL)
7519 REM FNTR=FUEL NEEDED BY TRANSPORYT TO TRAVEL TO INITIAL POINT GIVEN
2980 LO=FT :@ HI=GM
5000 GOSUP 93600 @ REM SP1SERRCH(C)
8010 REM LOOK FOR LERST COMBINED FUEL COST
8180 RETURN
8110 REM
8200 REM FNTRCWL . DL)CWG, D)
8210 REM FNTR=FUEL NEEDED BY TRANSPORT TO RERCH REFUEL POINT
g22@ REM
8238 REM
3300 SC=CAP+A1RNL ; 12+2%R1%DL
8400 5D=SQR(SC)Y @ FT=-WL-AP/A1+SD/AL
3508 RETURN
8510 REM
8520 REM
8530 REM
8600 REM SPISERRCH(C)
8610 REM THIS IS A OOLDEN SECTION SEARCH RLONG THE FUEL RANGE FROM JUST BAREL
9620 REM RERCHING THE POINT TO THE MAXIMUM THE TRANSPORT CAN CARRY AT TAKEQF™
5700 SE=SQR(S.)> @ TU=(-1.+SE>%.T & AC=0.00010
3800 G=L0 : DD=HI
3300 XAsLO+ (1, -TUINCHI-LO)
9080 XB=L0+TUM(HI-LO)
23169 T¥=¥A
3200 GOSUB 11108 : REM TFCI(XR,C)
9300 FA=T1 @ TX=XB
9490 GOSUB 11100 : REM TFC1(XB,C)
3500 FB=T1
2608 IF FA>FB THEN GOTO 09702
2650 IF FA(=FB THEN GOTO 10809
700 G=XA : AA=XB : XB=G+TUN(DD-G) ° FA=FB ‘@ TX=XB
2800 GOSUB 11109 :© REM TFC1(XB.C?
238y FB=Ti ° GOTD 10300
10000 DD=XB : XBaXA : XA=G+(1,-TUYRCDD-G> ~ FB=FA - TX=XRA
19109 GOSUB 11180  REM TFC1(XA,C)
10200 FA=T]
193053 IF < DD-G~AC)C=0 THEN GOTO 10400 : 10350 IF(DD-G-RC‘)O THEN GOTL: @gén:
| SEALRAQINYRAM = IRA 180

10400 OaWR o - —————— s —— —— —
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10509
19600
197vaa
18828
19900
16318
11988
110182
1102a
1192a
11103
11116
11126
11200
11300
11400
11509
11510
11608
11618
11620
11638
11700
11719
11720
11730
11740
117%0
117€0
11800
11850
11900
12000
12100
12200
12389
12400
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PRI 4

S e

SG=SOR(SF) '@ SH=(C-SG6) 12+2wA1ND3 - SI=SQR(SH)

HO=S1-/Hi{-AP/A1 ° F=FB

IF FBCFA THEN GOTO 11000

GO=A : SF=(RA+A1MXA) 12-2¥R1KD1 © SG=SAR(SF)

SH=CC-5G) 12+20A1KD3 : SI=SOR(SH) @ HO=SI/R1-AP/A1 - FefR

Eg?u F=LOWEST COMBINED FUEL COST FOR THE TRIAL POINT
LIRH

REM

REM

REM

REM TFC1(GO,LC> .

REM TFC1=TOTAL FUEL COST FOR SUBPROBLEM ONE

REM GIVEN INITIAL FUEL GO AND CONSTANT C

SF=(R+ATKTY) 12-2%A1aD1

S6=SAR(SF) : SH=(C-SG) 1242KA18D3 * SI=SOR(SH)

HO=S1/A1-AP/AL

T1=TX+HO

REM Ti=TFC1

RETURM

REM

REM

REM

REM
REM
REM
REM
REM
REM
REM

DY=@.1 : T9=TH : P9=PH @ DZ=0.1

TA=

GOSUB 22600 - REM FVSP2
FF=F2 | EP=Q.1

TH=
GOS
IF

50S

12500 IF

12600
12700
12309
12908
13000
131090
13200
13300
12409
133002
12509
13700
12800
132300
14900
14109
14260
14300
14400
143509
14600
14700
14800
14900
15008
15168
15200
15300

D2=
TH=
GOS!
IF

GO3

SOLVE SUBPROBLEM TWO

SEARCHES FOR THE BEST REFUELLING LOCATION GIVEN INITIAL FUEL G
STARTS FROM ORIGINAL FOINT AND PROCEEDS TO CHECK DIRGONALS FOR
IMPROVEMENT

CHECKS ERCH TRIAL POINT FOR FERSIBILITY BEFORE EVALUATING

IN CASE OF TIES THE AMOUNT OF CHANGE BETWEEN POINTS IS REDUCED
UNTIL THE TIE IS BROKEN OR THE ACCURACY LIMIT IS REACHED.

TH : PR=PH

T9+DZ : PHaP9+DZ - Tymo.

UB 25400 : REM FEASIBLE-NOPRNT
INCOS@ THEN GOTO 13400

1B 22600 : REM FVSP2

F2¢FF THEM T9=TH

F2(FF THEN P3=PH

F2=FF THEN T¥=1.

F2¢FF THEN FFaFZ

(FF=F2) AND (Ty=@,> THEN GOTO 12100 ,
(FF=F2) AND (Ty=1,)THEN DZ=D21Z AR
DZ<E2 THEN GOTO 13300 CRRE
(FF=F2)> AND ¢T¥=1,> THEN 60TO 12100

P ‘
T9-DZ : PH=P9+DZ : TY=@ - - 4
B 2540@ : REM FEASIBLE-NOPRNT .
INCYS@ THEN GOTO 14709
B 22600 : REM FVSP2
F2CFF THEN T9=TH R
F2CFF THEN P9ePH o
F2=FF THEN Ty=1, SR
F2¢FF THEN FFsF2 o
(FFeF2) AND (Ty=A,) THEN GOTO 13400 .
(FF=F2) AND (T¥=1,> THEN DZ=DZ12 -
DZ<E2 THEN 0OTO 14609 S
(FFaF2) AND (Ty=1.) THEN GOTO 13400 el

IF F2zFF THEN JYs1 - Ca

D2=EP

TH=T9-D2Z : PH=P9-DZ Tv=0,

GOSUB 23400 @ REM FERSIBLE-NOPRNT
IF INC>S0 THEN GOTO 14000

GOSUR 22600 : REM FYSP2

IF F2{FF THEN T9=TH

IF F2{FF THEN P9sPH




B

15488
15560
15606
15706
15320
15300
16000
16199
15209

17300
17400
17530
175%0@
17560
175709
17575
17590
17602
1761
17620
17630
18660
13010
13020
13020
18100
18200

12302 | 9=

1340¢
18410
18423
18420
12860
19102
19200
193090
12480
13500
12600
19700
19800
19300
19916
13920
19932
200080

30

IF F2{FF THEN FF=F2
IF ¢FFeF2) AND <(TYa=@.) THEN GOTO 14790
IF .FF=F2) AND (TY=1,) THEN DZ=D212
IF D2<E2 THEN GOTO 1590@
g; (gF-F2) AND (T¥=1.)> THEN GOTO 14700

=E|
TH=T94D2 - PH=P9-DZ = Tv=@,
(OSUB 25400 : REM FERSIBLE-NOPRMT
IF INCOSO THEN GOTO 17300
oosun 22600 @ REM FVSP2

F F2{FF THEN T9=TH
rr F2{FF THEN P9uPH
IF F2=FF THEN T¥=i, '
IF F2¢FF THEN FF=F2 ,
IF (FFaF2)> AND (T¥a@.> THEH GOTO 16808
IF <FF=F2> AND (Tym1,) THEN DZ=DZ12 i
IF D2<E2 THEN GOTQ 17200
IF (FF=F2) AND (T¥=1.> THEN GOTO 16008
D2=EP T
IF EPCE2 THEN GOTO 17%%50

EF=EPXDY  D2=EP e
60TO 12100 AR

TH=T9  PH=P9
GO3LIB S@500 - REM CONVERT SOLUTION TQ LONG AND LAT TO SHOW ITERATIONT

PRINT "SUBPROBLEM TWO TRIRL SOLUTION": e '1
PRINT L3;D7$,MH8; D8S,F201000 ; '-T

RE? PRINT SOMETHING YO SHOW OPERATOR THRT THE PROGRAM IS PROGRESSING

RETURN -
REM

REM

REM

REM
FEM
REM
REM

SOLVE SPECIAL CASE

REFUELLING IS NOT NEEDED HERE.

THEREFNRE THE FUEL NEEDED FUNCTION IS SOLVED AND LOCRTION FOR
REFUELLING IS SEY TO @

0 REM  FVSP2aFUEL COST FUNCTION FOR bUBPROBLEN TWO

SC=(AP+A1RWD ) 1242%A1 409

SP=ESOR(SC) - GA=-WO-AP/R1+3D/A]

L2 DP$=5L$s '~ H8=H2 [8$=SM$ HO=@ ' FT=@ F=G@ ' K=l
FETLIRN

FEM

FEM

FEM

FEM SPECIAL CASE WHERE DISTAMCE » PI/2

AM=TC ~ PM=PC ' AN=TA @ PN=PA

IF TC-TACO THEM TC=AM+(ABS(AM-AN1)/2

If TC-TA>@ THEN TCesAM-(AM-AN>/2

PC=(PM+PN)/2 -—
GOSUB 20009 REM CALC-LEHGTH .
LO=RD - TA=TC PAR=PC = TC=AM ° PL=PM

GOSUB 20000 : RPEM CALC-LENGTH o
LP=AR : AL=LGsLP = TC=AM ~ PC=PM ' TA=AN  PR=PN Ry
RETURN o
REM O
REM RS
REM .

REM CALC-LENGTH FOR DISTANCE > P12 ROUTINE -
S1=3INCPC) & S2sSINCPR)  DeTC-TA : CD=COS(D) - C1=COSCPC)  C2sCOSFA .

K1=SImS2KCD+CINC2  K2=K112 ‘@ K3=SAR(1,-K2) .

K3=KS/K1 - AR=ATN(K3) ~ RA=ARWR
RETURN .
REM C
REM t-

REM -

FEM FVSP2(THSP2,PHSP2 :

PFM  WHTFH 18 _SLTANTILY DIFFFRENT. FPNM IRERORLEM ONE RECAUSE . OF
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REM THE CONSTRAINTS BEING RELAXED.

GOSUB 94400 - REM DISTANCE

3 REM  NEW DISTANCES MUST BE CALCULATED EVERY TIME THE REFUELLING POINLT
REM CHANGED.

GOSUB 24600 : REM FCTR(THSP2)

REM FCTR=FUEL COST FOR THE TRANSPORT~AGAING DIFFERENT BECAUSE QOF FE_™
REM CONSTRAINTS.

UP=UWD+(GO-FX> @ WL.=0.8 DL=D3

GOSUB 25000 :© REM FNTA<O, D3>

ggnFVFL’EL NEEDED BY TANKER YO RETURN AFTER REFUELLING

23200 WL=W0 DL=D2

23308 GOSUB 28200 - REM FNTRCWO,D2>

23358 REM FUEL NEEDED BY TRANSPORT T0 GET TO DESTINATION RFTER REFUELL ING
23400 F4=FT

23500 W=F3+F4-(GB-FX)

23350 REM NET REQUIREMENTS OF TANKER TO CARRY RS CRRGO

23600 WL=WP - DL=D1

23700 GOSUB 9¥820@ : REM FNTR{WP,D1>

23759 REM FUEL NEEDED BY TRANSPORT TO GET TO POINT WITH CARGO AND UNUSED FuC
23808 FS=FT : WL=W @ DL=D3

24108 GOSUB 235000 ° REM FNTACW,D3)

24110 REM FUEL NEEDED BY TANKER TO GET TO REFUELLING POINT WITH NET FUEL<H:
2420@ F7=FY

24408 F2=FS+F44F7+F2

24410 REM F2=FUEL COST FOR SUBPROBLEM TWC

24500 RETURN

24518 REM

24520 REM

24539 REM

24600 REM FCTR(THSP2)

24519 REM FCTR=FUEL COST FOR TRANSPORY

24789 SY=(AP+A1N(O+(A)) : SW=SY12-28A18D1

24809 SX=SAR(SW> : FX=0@+WO+AP/A1-SX/A1L

24900 RETURN

24210 REM

24320 REM

24930 FEM

25000 REM FNTRCWL,DL) (WO, D)

25919 REM FNTA=FUEL NEEDED BY THE TANKER

25920 PEM ASSUMES TANKER AND TRANSPORY HAVE IDENTICAL PERFORMANCE CURVES.
25100 SC=CAP+A1INWL » 12+2A1¥DL

25200 SD=SAR(SC) © Fy=~-WL-AP/R1+SD AL

25300 RETURN

25310 PEM

25320 REM

25339 REM

25400 REM FERSIBLE~NOPRINT

25410 PEM  SAME &3 FREVIONUS POUTINE BUT DOES NOT PRINT ANY MESSRGES.
25500 TA=TH = PA=PH

a9 GOSUE 84490 - REM  DISTANCE

Sv@d GOSUE 96300 © REM  RANGE

25710 WL=W0 - DL=D1 GOSUB 28206 REM FNTRIWO.DL>

25800 [H=a

25900 IF «D1ZR1: OF (FTOGMY THEN IN=1@

26000 IF D2>R2 THEN IN=20

26109 IF D3:R3 THEM [NH=3@

26200 IF IMC»10 AND INCS20 AND INCO39 THEN [IN=SQ

26309 RETURN

26210 REM

26320 REM

SE330 REM

28000 REM  CONVERSION TQ PADIANS FOR COORDINATES

22019 REM  ALL COORDINATES ARE DEFINED IN RELATION TO THE ORIGIN.
28929 REM THIS ALLOWS THE CRTEGORIZATION OF MOST PROBLEMS.

L2207 PFM  THIS_RAUTIME MUGT RF EXRANNED TN 81
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23046 REM INTERNATIONAL DATE LINE OR ACROSS THE EQUATOR. ALSD IF ROUTES ALCY

Z80%0
28169
23200
23300
23400
28500
28600
22650
23700
23800
28909
27060

R;m THE SOUTHERN LATITUDES ARE TO BE CONSIDERED.

L7=L1-L1

IF (SJ$="W") AND (SL$="W") AND (SN$="W") AND (SQs="W")> THEN
IF (SJ$="Ul") AND (SL$="W")> AND (SN$="W") AND (8Qss"W") THEN
IF (SJ$="W"s AND (SL$="W"> AND (SNS$="W") AND (SQ$="W")> THEN
IF (SJs="W") AND (SL$="W") AND (SNS$="L") AND (SAS=“W") THEN
IF (Q2=1) AND (L1XL2) AND (L13L3)> AND (L1DCAY THEN QQ={

IF (0R=13 THEN GOTD 50000

IF (5J$="W") AND (SL$="E"> AND (SN$="W") AND (SAS="W")> THEN
IF (SJ$="W") AND (SL$="E"> AND (SN$="W") AND (SQs="W") THEN
IF (5)$="L") AND (SL$="E") AND (SN$="W"> AND (SQ$="W"> THEN
IF (SJ$="W") AND (SL$="E") RAHD (SN$="W") AND (SAs="L")> THEMN

32

La=L1-Lc
LSsL1-L2
Lé=L1-CA
QZ=1

LanLl+l
L3=L1-L%
Lé=L1-CA
Q2=2

29050 IF (AZ=2) AND (L4<=180) AND <L1DL3) AND (L1>CA) THEN 0Qs2 o 1
29975 IF (OR=2) THEN G0OTO 0000
30000 IF (SJ$="WU") AND (SL$="E"> AND (SN$="W") AND (SO$=“E") THEN Ld4=L1+L_
3190 IF (3J$="W") AND (SL$="E") AND (SN$="W") AND (SQ$="E")> THEN LS=L1-L3
) 20200 IF (SJ$="W") AND (SL$="E") AND (SH$="W") AND (SAS="E")> THEN LE=Li+CH - L
30300 IF (SI$="W"> AND (SL$="E")> AND (SN$="W") AND (8Q$="E"> THEN QZ=2 N
30400 IF <QZ=2> AND (L4<{=180)> AND (L1>L3> AND (L6<=189) THEN QQ=3 S
30450 IF <30=3 THEN GOTO %0000 .
0500 IF (2J8="W") AND (SL$="E")> AND (SN$="E") AND (SQ$="W") THEN Ld4=L1+L>
206080 IF (SI$="W") AND (SL$="E")> AND (SN$="E") AND (SQS="l"> THEN LS=L1+L2
20700 IF (SJ$="W"> AND (SL$="E")> AND (SN$="E") AND (SA$="W"> THEN L6=L1-CH
30800 [F (SI$="W") AND (SL$="E") AND (SN$="E") RAND (SQ$="W") THEN (Z=4
30206 1F (0Z2=4) AND (L4<{=180) AND (L3<{=180> AND <CACL1> THEN QO0=4
30950 IF QQ=4> THEN 0OTO $0008
21800 IF (SI$="W")> AND (SL$="E") AND (SN$="E") AND (SO$="E£") THEN L4=L1+L>
31103 IF <SJ$="l") AND (SL$="E") AND (SN$="E") AND (SO$="E") THEN LS=L1+4L3
31200 IF (SJ$="W") AND (SL$="E"> AND (SHS="E") AND (SQs="E") THEN L6=L1+CA
31320 IF <SJ$="W"> AND (SL$="E") AND (SN$="E") AND (SQ$="E"“) THEN (02=5
31480 IF (2=%) AND (L4<{=18@) AND (LS<=180> AND (L6<{=188)> THEN QQ=S
314%2 IF (GQ=5> THEN GOTO 50000
. 21588 IF (SJ$="E") AND (SL$="E") AND (SN$a"E") AND (SAS$="E") THEN L4=L2-L!
- 31680 IF (SJ¥="E")> AND (SL$="E") AND (SN$="E") AND (SG$="E")> THEN LS=L3-L1
' 21768 IF (5J$="E") AND (SL$="E")> AND (SN$="E") AND (SQ$="E") THEN LE=CA-L1
21800 IF <SJ$="E") AND (SL$="E”) AND (SN$="E*) AND (SQ$="E”) THEN Q2=K
31900 IF ((22=65 AND (L2>L1» AND (L35L1> AND (CADL1) THEN 0Q=6 R
219%3 IF (GQ=6) THEM GOTO $S8009 L
32000 IF (SI$="W")> AND (SL$="W") AHD (SN$="W") RAND (SQ$s="W") THEN Ld=L2-L} e
33188 IF (SJI$="W") AND (SL$="W"> AND (SN$="W") AND (SQ#="W") THEN LS=L3-L1 LN
33206 IF <5J$="W") AND (SL$="W"> AND (SN$="W") AND (SAs="W"> THEN L6=CR-L1 L
33320 IF (S3J$="W") AND (SL$="W"> AND (SN$="W") AND (SQs="ii") THEN Q2=7 Tt
23400 IF (QZ=7> AND ¢L22L1) AND (L3>L1> AND (CASL1> THEN QQ=? et
) 23450 IF (QR=?) THEN GOTO S@200
32508y IF (SJ$="E") AND (SL$3"W": AND (SN$="W") AND (SQS="L") THEN L4=L i+l - 4
33600 IF (SJ$="E") AND (SL$="W")> AND (SN$="W"> AND (SQ$="l") THEN LS=L1+L%Z B
33760 IF (SJ$="E") AND (SL$="W"> AND (SN$="W") AND (SQ$=“W") THEN LE=L1+CR ..
32800 IF (SI$a"E") AND (SL$="W")> AND (SN$="W") AND (SQ$=“i")> THEN Q2=° e l
23200 IF (Q2=8) AND (L4<{=1808> AND (L3<{=130) AND (LE6<{=180) THEN QQ=8 DR
32952 IF (0R=8) THEN GOTO 50000 et
34000 IF (SJ£="E") AND (SL$="W") RND (SN$="W") AND (SQS$="E") THEN L4=L1+l e
34106 IF (SJE="E") AND (SL#="W") AND (SN$="l") AND (SQ$="E") THEN LS=L1+L7 T
34200 IF (5J$="E") AND (SL$="W") AND (SN$="W") AND (SQ$="E") THEN Lé=L1-Cr T
! 24200 IF (5J$="E") AHD (SL$="W"y AND (SN$="W") AND (SQ$="E") THEN QZ2=%
: 34400 IF (Q239) AND (L4<{=188)> AND (LS<=180> AND (CACL1) THEN QQ=9
34450 IF <30=2> THEN G0OTO 5000Q
24500 IF SI$="E")> AND (SL$="W") AND (SN$="E") AND (SQ$="W") THEN Ld4=L1sL.
34600 IF (S5JE="E" AND (SL$="W"* AND (SN$="E") AND (SQ$="W") THEN LS=L1-L2
24700 IF cCJ$="E") AND (SL$="W")> AND (SN$="E") AND (SQ$="W") THEN L6=L1+CR
24200 IF (SJ$="E") AND (SL$="W") AND (SN$="E") AND (8Q$="W") THEN Q2=10
4300 IF <@2=10> AMD L4<¢=188) AND (L3<1.1)7 AND (L6{=188> THEN QQ=10
349% IF (QR=10) THEN GOTO S09ea )
35008 IF 7SJ$="E") AND (SL$="W"» AND (SNe="E") AND (SQ$="E") THEN Lé=L1+_
35100 IF (SJ$="E") AND (SL$="W"» AND (SN$="E") AND (SQ$="E") THEN LS=L1-L:
. L RSPAR TR /S 1saEN) _BND rS) SatUly BMNT fSNge"EX) ANN (SQER"E") THEM LE=l1-CR
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35300
25400
25450
35500
25608
35700
35800
35900
259%0
5000
S0100
50200
D390
sA310
Sa320
SA330
50340
Sa358
50509
50510
50529
Sacee
Sa7oa
<9800
53900
S100@
51100
51260
5132064
%1490
S1502
S1600
51780
s1800
51219
51820
51830
£A509
£A581
€507
SRSA%
Qi tak]
€9519
NSty
zAsS12
£AS13
“A514
wAS1S
EAS1E
€Sy
518
AR519
60520
cA%2
cR522
gf‘\’-
Q524
EAS2S
6052
£a%27
EAS2e
ensc?
0520
60531
#0532
.. ERSUR
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IF SJ$="E") AND C(SL$="W") AND (SN$="E") AND (SQS$="E") THEN O2=11

IF (Q@Z=11> AND (L4<=180) AND (L3CL1> AND (CR<L1) THEN QQ=it

IF "QA=11> THEN OOTO So@Pe

IF (SJ$="E") RAND (SL$="E") AND (SN$="E") AND (SA$="E")> THEN Lé=L1-L=
IF (SJ$="E") AND (SL$=“E"> AND (SN$="E*) AND (SQSm“E") THEN LSsL1-L2
IF (SJ$="E"> AND (SL$="E")> AND (SN$="E") AND (SQ@$="E") THEN L6=L1-CR
IF (SJ$="E") AND (SL$="E") AND (SN$="E") AND (SQs$="E") THEN QZ=12

IF (Q2=12) AND <L2<L1> AND (L3<L1) AND (CALL1) THEN QQ=12

IF (GQ=12) THEN GQTO 50000

Ta=L? : PO=P1/2-H1¥P1/180

TD=L44P1/180 : PD=P]/2-H2#P1/180

TE=LS%P1/18@ : PB=Pl1/2-H3#PI /180

TH=L6#P1/180 : PHaP1/2-CBNP1/180

PEM CONVERT THE COORDINATES TO RADIANS

RPEM

FEM

PEM

RETLURN

REM CONMVERT SOLUTION TO LONOITUDE AND LATITUDE

REM THIS ROUTINE WOULD ALSO NEED TO BE EXPANDED IF MORE CASES ARE TO T
REM CONS]DERED.

HE=20-PH#18@/F1 DBg="N"

IF <Q0=5" OR ((QQ>=8> AND ‘Q0<{=12), THEN L9aL1-(TH¥180/P1)
IF /00=6> OR (QO=P?) THEN L3=L1+/THRI80/P])

IF {QR<=5)> AND ‘L9D=0) THEN D7¢="W"
IF (QAQC=S) AND <L9<O) THEN DP¢=“E"
IF “QG<=5) AND (L9<@> THEN L9=ABS(L9>
IF Q= THEN D7$=“E"
IF QQ=7 THEN D7$="W"
IF <<Qp>=8) AND (QA<=11)) AND (L9>=D> THEN D?¢="E"
IF ((QQ>=3} AND (ON<{=11)) AND (L94@) THEN D?$="W"

IF ((QQ>=8) AND (ONC=11)) AND (L9<0> THEN L9=RBS(LI
IF =12 THEN D?7$="E"

RETLIPN
REM
FEM
PEM

REM FFINT MAP OF 11,S. AND EUROPE

PRINT "0

POYE1188,43:
POFE1285.43:
POKEL1231,43:
POKE1251,43:
POKELI273.43:
POKE1211.43:
POKE1332,43:
POKEL13%1.43
POKEL374,43"

POKEL411,43
POKE1477,43

POKE1328,43:
POKEL1S75,43:
POKE1618,43:
POKEL1617,43:
POKE1658.43:
POKE1698,43:

POKEL?1@,43:
FOKEL1743,43:

POKE1191,43
POKE1286.43
POKEL1232, 43
POKE1254,43
POKE1R?79, 43

POKE1313.43:
‘POKE1334,43:
‘POKE1368.43"

POKE1333.43
POKE135%,43
POKE1390.43
POKE1430,43

"POKE1489.43:

POKE1533, 43

POKE1592,43:

POKE1611,43
POKE1618, 43

POKE1670.43:
POKE1702,43:

POKE1?727,43

POKE1744,43:
POKE 1779,43:POKE1785.43 POKE1787.43:POKE1788,43 POKE1 789,43 POKEI?fl

‘PO¥E1194.43
‘POKE1212,43

‘POKE1233,43"

-POKE125S, 43

POKE1291,43:

POKE1314,43

POKE1391,43

-POKE1436,43"

POKE1515,43
"POKE1567, 43
POKE1605,43
‘POKE1612,43

‘POKE1631,43:
POKE1687,43:

POKE1706, 43"
'POKE1738,43:
POKE1746, 43:

POKE1197 .43 POKE1200. 43

"POKE1213, 43 POKE1227,43

POKE1234,43 POKE1239,43
POKE1267 .43 :POKE127]1,43

POKE1294, 43 POKE129%,43"
POKE1315, 43 ' POKE1328,43:
POKE1333,43:POKE1348, 43"
POKE1370, 43 ' POKE1372, 43"
-POKE1396, 43 : POKE1407,43

POKE 1448, 43 : POKE1449, 43

POKE1614,43:POKE161S.43

POKE1648,43:POKE1633,43:
POKE1694, 43 :POKE1696,43:

POKE17@7.43:POKE1708,43

POKE1739,43:POKE1742, 43:

POKE1750,43:POKE1731,43:

POKE 1284
POKE1228
POKE1240
POKEL127?
POXE130™
POXE 1229
POKE]349
POKE1377

"POKE1410
:POKE 1450
POKE1513.43 POKE1S514,43:
‘POKE1S?73, #3:POKE1574, 43"
POKE1607,43:POKE1608,43 "

POXE1S1€
POKE 1574
POKE 1609
POKEL61€
POKELES®

POKE169".
‘POKE1709
POKE1?742 .

POKE176€

POKE180%. 43:POKE1819,43:POKE1820,43:POKE1826. 43 :POKE 1827, 43 POKE1 &%
POKE1829,43 POKE1830,43 POKE 1643, 43: POKE186@, 43:POKE1861, 43: POKE1BES

POKE1863,43 ' POKE1869. 43 ' POKE16870,43: POKE1872,43 ' POKE1873, 43 :POKE1874 .

POKE1886,43 POKE1901, 43 POKE1992, 43 POKE1910,43:POKE1911,43:POKEL1 1€
POKE1926,43: POKEL1927,43: POKE1928, 43 :POKE1929, 43 : POKE1930, 43: POKE 1 942

POKE 1931,43:POKE1957,43:POKE1998., 43: POKE!S?!;‘S POKE1972,43: POKE1281 .
1.4 BPOKE2000. 43, PIKF2Q12 . 43 POKE2R2L .4,
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P

w3524 FOR U=1992T701999:POKEU, 102 : NEXTU FOR U=2813T02020 ' POKEU, 162 : NEXTU ;
£ASIS FOR U=1952T01956  POKEL, 102: NEXTU: FOR Ux1973T01980: POKEL, 182 : NEXTU
£A%536 FOR U=1912T01913 POKEU, 182 :NEXTU FOR U=1931T01941 :POKEU., 162 : NEXTY
“O%2T FOR U=1886T701980 POKEU. 102:NEXTU FOR Lim1846T0168S9 ' POKEL, 182 NEXTU
U=1806TQ1818: POKEU. 102 :NEXTU:FOR U=1821T01823 POKEU, 182 : NEXTU

(S 2" Us1767T01778: POKEU, 182: NEXTU:FOR U=1780T01783: POKEU. 182 : NEXTU
=AS4G FOR Uel?228T01737 POKEU, 102 -NEXTU:FOR Um1664T01669: POKEU, 182 :NEXTU

r £0S41 FOR U=16868T01693 POKEL, 182 NEXTU:FOR U=1699T017@1 ' POKEU. 182 NEXTU
a £A542 FOR U=1624T01630 :POKEU, 102: NEXTU:FOR Us1649T01652 ' POKEU, 102 :NEXTU
£n543 FOF 1J=1659T01663 POKEU, 182 NEXTU:FOR Us1584T01591 : POKEU, 182: NEXTU .
2544 FOR U=1619T01623 POKEU, 102 NEXTU:FOR Uqls44701552=P0KEU,laz NEXTU
£0545 FOR U=1576T01%83: POKEY, 182 NEXTU:FOR Us15@4T01512:POKEU, 102 NEXTU
AAS46 FOR U=1529T01543  POKEU, 102 :NEXTU: FOR Un1464T01476  POKEY, 182 NEXTU
£0%47 FOR U=1498T01503:POKEL., 102:NEXTU FOR Us1424T01429:POKEU, 182 ' NEXTU
£0543 FOP 1)=1431T01435 POKEU, 102 'NEXTU:FOR U=1431T01463: POKEU, 182 : NEXTU
) €3543 FOP 1J=1384T01329:FOKEU, 182: NEXTU:FOR U=139270139%POKEU, 102 : NEXTU :
: £R5S2 FOR U=1412T01423 POKEL, 102 :NEXTU:FOR U=1375T01383:POKEU, 182 NEXTU R
D £0SS1 FOR Um1336T01343:POKEL, 102 :NEXTL:FOR Us1296701303: POKEU. 182 : NEXTU
£€0552 FOR 11=1256T01263 POKEU, 102:NEXTU:FOR Us1216T01223: POKEU, 182 :NEXTU R
£A%S2 FOR I=1184T01187 POKEU, 182 NEXTU:FOR U=1224T01226:POKEU, 102 : NEXTU RSN
£ASS4 FOF U=1264TN1266 ' POKEU, 102 :NEXTU:FOR U=13@4T01306 :POKEU. 182 : NEXTU SR
£055% FOR U=1344701347 POKEU, 102 NEXTU:FOR Us13%27013%4 :POKEUY, 102:NEXTU -
£0SSE FOR U=1192701193: POKEY, 182 :NEXTU:FOR U=1198701199: POKEU, 182 : NEXTU -
BOSST FOR 1=1213T01214:POKEY, 102 : NEXTU:FOR U=1292701293: POKEU, 182 : NEXTU o
60553 FOR U=1408T01409 : POKEU, 102: NEXTU: FOR Us1368T01569:POKEU, 182 : NEXTU )
- <0553 FOR U=1794T01795 POKEU, 102 :NEXTI:FOR U=174@T01741 :POKEU. 182 : NEXTU Co-
g £PSE0 POKE1239, 1902: POKE1252, 102 POKE1253, 102: POKE1272., 102 :POKE1312, 102 R——
625€1 POKE1269, 102: POKE1703, 182 POKEL 745, 192 POKE1786, 102 - 4
: CA60E =24-INT(H1/3.5) )
. £060% IF SI$="W" THEN H=27-INTCL1/4) - 5
= 0510 IF S1$="E" THEN H=2?7+INTCL1/4) -1
- £AE1S POKE 1024+H+40%Y, 1S
. €520 POKE SS296+4H+40%Y, D
. 60625 v-24 INT(H2/3.5)
- £06730 SL$="W" THEN Ha27-INTC(L2/4)
ot GAE e, IF SLE="E" THEN H=27+INT(L2/4)
l £0640 FOKE 1024+H+40%Y, 4 - 4
£RE4S POKE SS296+H+40WY, 0 .
EES0 Y=24-INT(H3/3.5)
EAESS IF SHE="L" THEN H=27-INT(L3/4) ]
E05E3 IF SHE="E" THEMN H=227+INT(L3/4) S
ENEES FUKE 1024 +H+4ORY, 2 S
EQETA FOKE SS296+H+40%Y, 0
LOETS Y=24- T (H8/3, 5> D
0680 TF D78="M" THEN H=27-INT(L3/4>
D EGEDS IF D7E="E" THEN He27+INT(L2/4>
EOE90 POVE 10244H+40%Y, 18 - 4
£069% POFE $5296+H+40%Y, | .
£Q700 FEM  PLACE COORDINATES OM MAP FOF ORIGIN, DEST.TANKER BASE. AND SOLUT '« R
. £a710 PEM  POINT FOR REFIELLING N
- 0720 STOR s
. £0729 PETLRN R
. £1008 STOF e
T. £200Q ENN C e
,'.‘ FEADY. - k
D
._‘ L ‘.LL.L -;_' [V IS
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KEY FOR TRIAL RUNS CHART 1

' - ]

LOCATION IONGITUDE LATITUDE CODE ; fj

New Jersey T5W 40N A ) 'j

Delaware 75W 38N B

North Carolina 78W 35N C f
F_ Puerto Rico 66W 18N D :
‘ Azores Islands 25W 37N F ]

Iceland 20W 65N F

Germany 10E 50N G

X
b
[ Turkey 30E 40N H
;i Saudi Arabia 47E 25N

Egypt 28E 30N <
England OE/W 52N K
WEIGHT CODE

100,000 1bs 1
200,000 1bs 2

FUEL ACCURACY

100 means %o within 100 1lbs

POSITION ACCURACY

1 means to within 1 degree
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